Climate change has emerged as a global concern despite its differential impacts across geographical, social and economic gradients. Understanding perceptions of local communities towards climate change is important as it advances the knowledge, and is the driver of autonomous adaptation and behavioral responses. The livelihood of the agro-pastoralists in the trans-Himalayan regions of Nepal depends on the natural resources, and is highly sensitive to the change in climatic variables. Although there are indications of pronounced climate change in terms of their important variables in the high-altitude compared to the lowland of Nepal, there is limited information on how communities living in those areas have perceived to the change. Realizing the significance of such information, perceptions of the agro-pastoralists towards the change in climatic variables were studied in the two important high-and trans-Himalayan districts-Dolpa and Mustang. The results of the study revealed that the perceptions of the agro-pastoralists correspond with the increasing trend of temperature and the changing (both increasing and decreasing) trends of precipitation. Moreover, the agropastoralists have perceived the decrease in snowfall and reported appearance of new forage and pasture species in rangelands. The findings will be useful to understand about the climate change in the high-and trans-Himalayan region, and to devise adaptation strategies in these areas. (MEA, 2005) . Small island, least-developed and mountainous countries are more vulnerable to climate change (Klein, 2009) . Due to its geo-political conditions and its potential impact on the economy, ecology, and environment, climate change is a major concern in the Himalayas (Liu and Rasul, 2007) . The rate of increase in temperature is higher than the global average in the region, and the form of precipitation will be changed in the higher Himalayas where more rainfall will be expected than the snowfall (IPCC, 2007) .
A lthough impacts of climate change differ across geographical, socio-political and economic gradients, climate change has emerged as a global concern (MEA, 2005) . Small island, least-developed and mountainous countries are more vulnerable to climate change (Klein, 2009) . Due to its geo-political conditions and its potential impact on the economy, ecology, and environment, climate change is a major concern in the Himalayas (Liu and Rasul, 2007) . The rate of increase in temperature is higher than the global average in the region, and the form of precipitation will be changed in the higher Himalayas where more rainfall will be expected than the snowfall (IPCC, 2007) .
Nepal is both the mountainous and the least developed country of the Himalayan region which is socio-politically, geographically and economically fragile. Climate change has emerged as a systematic threat compounding with other threats challenging the livelihood of people and sustainability of the traditional systems. The trends of temperature suggest that warming is more pronounced in the high-altitude areas than in the lower elevations of Nepal, and the nature of precipitation has also been changing (NAPA, 2010; Shrestha and Aryal, 2011) . Previous studies (Gentle and Maraseni, 2012; Aryal et al., 2014a; Macchi et al., 2014) suggest that the climate change has affected the livelihood of the people in the mountainous areas of Himalayas. But, people living with high-poverty in the region have limited capacity to adapt with the climate change.
Over two million Nepalese depend upon climate sensitive sectors like agriculture and forestry for their livelihood (Garg et al., 2007) . Even with a slight change on climatic variables, there would be a greater impact over the natural and human systems of Nepal. Agro-pastoralism is practiced in those areas which are most affected by global climate change (Kullman, 2004; Zomer et al. 2014) and are likely to be affected by the timing of rainfall, agricultural seasons, persistence and melting of snow in rangelands, availability of water near grazing spots and so on. The agropastoralists may be disproportionately more vulnerable due to climate change (Dong et al., 2011) and the situation could be even more severe when the flexibility is restricted (Tyler et al., 2007; Fu et al., 2012) .
The observations of local people often relied on holistic ways of knowing their environment that integrate a number of variables and relationships between them (Pretty et al., 2009) . Local people use physical environmental indicators such as rain, first snowfall, melting of snow and biological indicators such as spring budding, leafing, blooming flowers and fruiting (Turner and Clifton, 2009) . Perceptions in some instances, however, can be affected by their belief on climate change (Howe et al., 2013; Niles and Mueller, 2016) . The indigenous and marginalized communities whose subsistence livelihoods depend upon direct utilization of natural resources might have different experiences and knowledge than the people adopting a modern lifestyle and living in urban areas (Tucker 1986; Wolf and Moser 2011; Howe et al., 2014) . Many scholars (Petheram et al., 2010; Alexander et al., 2011; Sánchez-Cortés and Chavero, 2011) have noted that indigenous knowledge could be better applied to the assessments of climate change. It has also been acknowledged for its role in advancing the understanding of climate change (Nelson et al., 2006; Chaudhary and Bawa, 2011; Klein et al., 2014) . In these contexts, agro-pastoralists of the high Himalayas have to respond to nature's rhythm for characteristic seasonal movement of livestock and crop plantation and harvesting. Their perceptions and meaningful observations could be interesting in climate change studies and to understand impacts of climate change to the climate sensitive agro-pastoral systems. Therefore, this study aims to explore the perceptions of the agro-pastoralists towards change in climatic variables, validate perceptions with the trends and impacts of climate change to the agro-pastoralism in the high-altitude and trans-Himalayan regions of Nepal.
Materials and methods

Study area
The study was conducted in the Dolpa district of the Mid-western Development Region and the Mustang district of the Western Development Region of Nepal. Both the Dolpa and Mustang districts are mountainous districts of Nepal, and represent the trans-Himalayas. The field visits at the study sites were conducted by a Team including one Expert in Climate Change and Agro-pastoralism, and three Research Assistants. The same Team conducted the study in both the sites. The field visit in the Mustang district was conducted during September October, 2015 whereas it was conducted in April in the Dolpa district. Preliminary consultation was done with the staff of the Annapurna Conservation Area Project (ACAP) Site Office and the members of the Conservation Area Management Committee in the case of Mustang district and the staff of the Shey Phoksundo National Park Office in the case of Dolpa district. As this paper is a part of a broader research project entitled "Treeline Shift in the Central Nepal Himalaya and the Climate Reconstruction of the Past Millennia", the local people who frequently visit the forest area especially for yak movement and sheep rearing were consulted to identify the study sites.
Data collection
After the selection of the study sites for dendrological and ecological study, the local people who were using the forests and rangelands near the dendrological study sites were selected for survey and focus group discussions (FGDs). Based on the criteria described above, three sites viz. Marpha Settlement of the Marpha VDC, Kodekhola Danda and Kosari Ban were selected in the case of Mustang district whereas Rigmu and Chhekpa of the Phoksundo VDC in the Dolpa district were selected for the survey and FGDs (Fig. 1) . A total of 21 agro-pastoralists in the Dolpa district and 15 in the Mustang district were surveyed using semi-structured questionnaire. A purposive sampling method was applied for the selection of the respondents for the survey as no prior list of the agro-pastoralists was available. At first, the secretaries of the selected VDCs were approached to identify the initial contacts of some agro-pastoralists, and then the contacted agropastoralists were asked to identify the other agro-pastoralists.
Fig. 1: District map of Nepal showing the study areas
A face-to-face and semi-structured interview was done with the selected respondents, and the perceptions of the herders about the two major climatic variables-temperature and precipitation were collected, asking whether the particular variable was changing or not. The responses were categorized in the 'yes', 'no' and 'don't know' columns. If the answer was 'yes', the trend of change (increasing or decreasing) was also noted.
Two focus groups discussions (FGDs) were also conducted in each site in a group of 6-8 agropastoralists per FGD. The likely impacts of climate change to the agro-pastoralism were also discussed during the FGDs.
The temperature and precipitation data for trend analysis were collected from the meteorological stations under the Department of Hydrology and Meteorology (DHM). The nearest meteorological stations from the study sites were Dune in the Dolpa district and Jomsom in the Mustang district. Therefore, the temperature and rainfall data during the last 30 years in those stations were analysed. The data on these parameters were found to be normally maintained at Jomsom in the Mustang district, but there were many missing values in the case of temperature at the Dune Station and therefore, the trends only in the precipitation were analysed in the case of this Station. General linear regression was used to calculate the annual and seasonal trends of temperature and rainfall. The annual trends of temperature and rainfall were obtained using the data of all months. For the analysis of seasonal trends, the months under each seasonwinter (December to February), monsoon (June to September) and summer (March to May) were used (Shrestha and Aryal, 2011) .
Results and discussion
Trends of temperature and rainfall
The temperature of the study sites showed increasing trends in between 1984 and 2014. The rate of increase was much higher in the winter season than in the summer season (Fig. 2) . The trends of rainfall were not similar in the two sites. There were decreasing trends of rainfall in the Dolpa district whereas the increasing trends in the same were observed in the Mustang district. The decreasing trends in the Dolpa district were more pronounced as compared to the increasing trends in the Mustang district (Fig. 3) .
Perception of agro-pastoralists toward change in the climatic variables
Majority of the agro-pastoralists from both the study sites had perceived change in the temperature, and they reported that the temperature was increasing. Their perceptions towards the change in rainfall, however, differed from the one site to the another site. Majority of the respondents in the Dolpa district perceived that the rainfall was decreasing whereas those in the Mustang district had perceived increasing trends in rainfall (Table 1 ). All the surveyed agropastoralists from both the sites had also perceived that the number of days with snowfall and the total amount of snowfall per year had decreased during the period (Table 1) .
Trends of change in key climatic variables and perceptions of agro-pastoralists
The increasing trend of temperature and higher rate of increase in temperature in the winter season compared to the those in the summer season (Fig. 2) are consistent with the previous studies (Shrestha et al., 1999; Shrestha and Aryal, 2011) and reports (IPCC, 2007; NAPA, 2010) for Nepal and the Himalayan region. The trends for precipitation were not similar in the two sites. The one in the Dolpa district showed the decreasing trend whereas the another in the Mustang district showed the increasing trend (Fig. 3) . The results of this study also support the statement that no distinct and long-term pattern for the precipitation has been reported in the Himalayan regions of Nepal (Shrestha et al., 2000; NAPA, 2010) .
The trends of the temperature and precipitation recorded in the meteorological sites almost perfectly correspond with the perceptions of the agro-pastoralists in the study areas. There was a difference in the precipitation trend across the sites, however, the perceptions of the agropastoralists from each area matched with the trends of that particular site. The rising summer temperature as perceived by the agro-pastoralists is consistent with the findings of the previous studies (Shrestha et al., 1999; Biggs et al., 2013; Aryal et al., 2014b; Aryal et al., 2016) . This indicates that the perceptions and observations of the agro-pastoralists can compliment modern science, and provide a chance to cross-validate the findings from scientific observations. This can have great implication in the data-deficit regions such as the higher Himalaya which has been declared as 'white spot' due to limited observations and understanding (IPCC, 2007) .
The studies from the other regions of the world (Martello, 2008) have indicated that local people who directly interact with the nature will better and accurately perceive the changes in climatic variables. Local people use physical and biological indicators such as rains, frost, first snowfall, melting of snow, budding, fruiting etc. (Turner and Clifton, 2009 ) to compare trends. Moreover, these people develop effective adaptation strategies to combat effects from changing climate (Yeh et al., 2013) . In addition to the changes in climatic variables, the agro-pastoralists have reported rapid melting of snow and appearance of new plant species in the rangelands ( Table 1) . The drying of water resources and appearance of new livestock diseases were also reported. Those observations of the agro-pastoralists are in line with the findings of the previous scholars- Xu et al. (2009) and Aryal et al. (2015) reporting phonological changes.
Perception of change in climate and biophysical indicators, and impacts of climate change are important due to several reasons. Firstly, it may be a driver of autonomous adaptations and behavioral response (Howe et al., 2013; Zheng and Dallimer, 2016 ) that could, for example, include changes in the grazing and agricultural calendar. Secondly, the increased knowledge Aryal et al. sharing between scientists, policy-makers and resource users may be one means of reducing vulnerability because new adaptation strategies could be generated from the combinations of knowledge and experiences (Lebel, 2013; Strand 2016) . Thirdly, it can be a form of citizen science or social science, confirming or challenging the modeled-changes in climate. This is more significant for the Himalayan region as the region lacks empirical data of climate change.
Effects of climate change on agro-pastoralism
Climate change has potential to impact upon different areas, communities and sectors. Mountainous regions are comparatively more sensitive to climate change (Paudel and Andersen, 2011; Rangwala and Miller, 2012) . Climate change poses both direct and indirect effect to the agro-pastoralism. Climate change can directly affect upon two most important agricultural production factors-precipitation and temperature (Deschenes and Greenstone, 2007) . Crop growth, development, water use and yield under normal conditions are largely determined by the weather during the growing season. Climate change can indirectly affect upon agriculture by influencing emergence and distribution of crop pests and livestock diseases, exacerbating the frequency and distribution of adverse weather conditions, reducing water supplies and irrigation, and enhancing severity of soil erosion (IPCC, 2014) .
The majority of respondents of the present study reported that the total amount of snowfall has decreased, and it melts faster in the rangelands. With higher amount of snow, it would melt gradually and provide moisture for a longer duration than rainfall. The decreasing amount of snowfall in combination with the increasing temperature can decrease soil moisture. This can affect upon both the quality and quantity of crop production in agricultural field as well as grass production in the rangelands. The decreasing trend of rainfall can lead to the drying of water resources (springs, rivers) and reduce water availability in the rangelands (Aryal, 2015) . The impacts of climate change upon the rangelands could be more complex as it can alter the competition between plants and their growth habits, productivity and the plant-animal interactions (IPCC, 2007; IPCC, 2014) and decrease rangeland quality (Klein et al., 2007) . The drying of water resources can lead to the abandonment of rangelands which in turn can lead to grazing pressure in other rangelands.
The appearances of non-native and unpalatable species indicate the poor quality of rangelands and ultimately affect upon livestock production. The increase of such unwanted species can be related to different factors. Some species that were located at the adjacent lower elevation might have moved upslope due to an increase in temperature and associated range shift (Klanderud and Birks, 2003; Gaire et al., 2014; Zomer et al. 2014) or some shrub species might have encroached the alpine rangelands due to an increase in drought, cessation of fire and range abandonment (Brandt et al., 2013) . Some ruderal species such as Iris goniocarpa and Euphorbia stracheyi might have benefited due to increased nitrogen in highly -grazed patches (Bauer, 1990; Aryal, 2010) . The increase in drought can lead to the early maturity of the grasses in the rangelands extending the duration and severity of grass shortage. Due to climate change, pastoralists might have to decide in an environment of greater uncertainty. Changes in weather can affect upon other agricultural activities, such as planting and harvesting crops, and thus ultimately disturb their seasonal calendar. Such changes in the calendars of the local people might also have implications upon ecosystem and ecosystem management (Franco, 2015) . The increase in temperature and longer growing season can increase the upper limit of grasslands and grass production.
According to the agro-pastoralists of the study areas, different types of pests are increasingly widespread, and their livestock frequently suffer from water-and vector-borne diseases. It has been reported that livestock may be more susceptible to diseases due to increase in temperature. The increasing incidences of livestock diseases might be related to climate change as the population dynamics and distribution ranges of many diseases causing vectors are largely determined by climatic variables (Gage et al., 2008; Aryal, 2015) .
Conclusion
The perceptions of the agro-pastoralists of the study areas in the two districts (Dolpa and Mustang) were consistent with the rising trends of temperature and changing rainfall pattern. The trends and perceptions of the agro-pastoralists of this study are in line with the previous studies and predictions for the Himalayan region. The agro-pastoralists have also observed change in biological indicators such as emergence of new plant species, appearance of new livestock diseases, and change in physical indicators, such as fast melting of snow in rangelands and drying of water resources. The findings of this study suggest that direct and indirect impacts of climate change are becoming apparent in agropastoralism, and the perceptions and experiences of the agro-pastoralists can be useful in climate change studies. Studies on perceptions and identification of possible impacts of climate change would help to design adaptation plan and intervention strategies for the sustainability of traditional farming systems, such as agropastoralism and livelihood improvement of the people involved in such systems.
